We thoroughly analyze isospin-violating effects in QCD sum rules for the masses of nucleons, X, and :-hyperons. After comparing with experimental mass splittings in isotopic multiplets, we obtain for the isospin breaking in the quark condensate (0~uu -dd~0) /(0~uu~0) =(2+1)X 10 ', a value significantly smaller than the one usually adopted. We present arguments in favor of our result and critically analyze previous estimates. The value of the quark mass difference md -m"=3. 0+1.0 MeV (at normalization point P =0.5 GeV) is also determined.
I. INTRODUCTION
The pioneering work of Gasser and Leutwyler [1] has made it clear that the difference of u and d quark masses is nonzero even in the absence of electromagnetic interactions, and is of the order of the quark masses themselves.
Weinberg [2] in his famous paper demonstrated that the values of u and d quark masses can be determined from the masses in the pseudoscalar nonet in a modelindependent way and found m"=4. 2 MeV, md=7. 5 MeV, and p=md -m"=3. 3 MeV . (1.2) characterizes the isospin violation in quark condensates.
The knowledge of the numerical value of y is important as it enters along with the mass difference p in the determination of the value of isospin splitting in hadronic multiplets, the violation of isospin in various decays, etc. The magnitude of y is also interesting from the viewpoint of nuclear physics. Indeed, it enters in recent attempts to explain the discrepancy between the theoretical and experimental results on the difference of mirror nuclei masses, known as the Nolen-Schiff'er (NS) anomaly [3] .
The idea behind the explanations put forward recently [4, 5] is based on the reasonable assumption that quark condensates in nuclei are suppressed compared to their vacuum values and as a consequence the neutron-proton mass difference in nuclei, entering in the formula for the mass difference of mirror nuclei, is smaller than that for free protons and neutrons.
The parameter y was calculated in a number of papers using different approaches.
Gasser and Leutwyler [6] carried out the calculations in the framework of chiral perturbation theory. Paver, Riazzudin, and Scadron [7] considered the constituent quark model, whereas the Nambu -Jona-Lasinio model was used in Refs. [4, 5] . In several papers y' was obtained from the mass splittings in the framework of QCD sum rules [8 -13] , with results ranging from -3 X 10 to -1 X 10
We see certain shortcomings in at least part of the above-mentioned calculations. For this reason we made a new attempt at extracting the parameter y from the values of the mass splittings in the baryonic octet based on the QCD sum-rule technique (for a discussion of previous calculations and a comparison with ours, see Sec. V).
From our point of view, this technique appears to be the most promising to extract the y parameter. The reasons are the following. Experimentally, the isospin mass splitting in the baryon octet is known with good accuracy. The electromagnetic contributions to the mass splittings are reliably estimated [14] and are rather small, especially for hyperons. The QCD sum-rule method of mass determination works well in the case of the baryonic octet: three terms of the operator product expansion (OPE) are calculated and all the self-consistency checks are satisfied. Using this method the baryonic masses [15 -17] , magnetic moments [18, 19] In the QCD sum-rule method for baryons we consider the polarization operator
where ri(x) is the current with the baryon quantum numbers. For the proton
Here, u'(x) and d'(x) stand for the u and d quark fields, C is the charge conjugation matrix, and a, b, c are color indices. In order to obtain the hyperon currents, the following substitutions must be done in (2.2):
11(q)=/II, (q )+II2(q ) (2.3) and in good convergence of the OPE.
For each structure II, 2 we can write the dispersion re-
The left-hand side (LHS) We shall take our calculations to linear order in the isospin symmetry violating quantities, i.e. , p, y, and m, . The polarization operators for X+ and:-were calculated in Ref. [17] to linear order in the strange quark mass. It is then trivial to obtain the proton polarization operator including the contribution from the light quark masses mz "bysimply replacing m, by m~(m") in the polarization operator for X+(:-). The neutron result is then arrived at by further substituting m"~m&. The appearance of the y factor is also easily understood. In the lowest-order diagram for the OPE of the polarization operator of the proton (neutron), it is the u (d) quarks that form a loop. Therefore, for the chosen form of the source current (2.2) for the proton (neutron), the u (d) condensate appears in the chirality-conserving structure while the d (u) condensate appears in the chiralityviolating one (see also Ref. [5] ). The polarization operators for X and:" can be obtained from the corresponding formulas in Ref. [17] in a similar manner.
Thus, using Eqs. (14) and (17) of Ref. [17] ' we obtain the sum rules for the nucleon:
where 5f = f (n) f(p). The sum rules for the = hyperons read
W-5 W2-, (3.30) where 5f = f (:-) -f (:-) Let us now study the sum rules (3.11), (3.12), (3.23), (3.24) , (3.29), and (3.30) which contain more information, as it is possible to extract 6X in two ways from each of the pairs of sum rules, and check if they coincide and depend weakly on M . We have plotted in Fig. 1(a we plot in Fig. 1 5 WI or increasing 5Wz increases the discrepancy.
In the same way we can investigate the domain of small~y~. We find in a similar manner that a value of y=0 can only be tolerated at the expense of a large difference between 5WI and 6Wz, for instance, 6W =0 and 6 W2 = 10 X 10 GeV . This being unreasonable, we can safely exclude y =0.
We present in Fig. 2(a) the results for the analogous investigation of the "-hyperon sum rules, Eqs. (3.29) and (3.30) . The solid lines correspond to y = -2 X 10 7 6 WI = 5 Wz = 3 X 10 GeV, whereas the dashed lines were produced with y = -6X 10 and 6W =6W I =15X10 GeV . Again, the values of $W were chosen such as to maximize the agreement between the curves. As before, good agreement is achieved for the first case, disagreement for the second. .23) and (3.24) for the X-hyperon, with y = -2 X 10, p = 3.3 Finally, we would like to investigate the dependence of the sum rules on the quark mass difference. As the = sum rules are most sensitive to this parameter, we shall focus on those. We have plotted in Fig. 2(b leading to y= -9X10 [12] . We are rather skeptical towards this approach as it is well known [24] that the QCD sum-rule method fails in the scalar and pseudoscalar channels. Indeed, it cannot explain the strong violation of the Okubo-Zweig-Iizuka rule in the pseudoscalar channel [25] . Also, there are very serious problems related to subtractions in this approach. The analysis in Refs. [8, 5] is more closely related to the one presented here. In [8] , y was determined from mass splittings in the baryon octet via the QCD sum-rule method, leading to a value y = -6 X 10 . This approach differs from ours in several points: (i) a baryon current different from the one adopted here was used, (ii) the mixed condensate (3.18) as well as anomalous dimensions were ignored, (iii) a different set of parameters was used, namely, m, (0.5 GeV)=260 MeV, (ss) =0. 5(uu ) as opposed to our m, (0.5 GeV) = 150 MeV, (ss ) =0. 8(uu [6] and ours is that while we subtract the elec tromagnetic mass difference from the experimental value and construct the QCD sum rules for the remaining (strong-interaction) piece, in Ref. [26] the electromagnetic interaction was accounted for in the sum rules by introducing a fitting parameter, thus calculating the entire neutron-proton mass difference. Examination of the sum rules presented in [26] shows that the electromagnetic n -p mass difference as determined from the chirality conserving sum rule (Eqs. (22) and (24) of Ref. [26] ) is equal to (m"-m ),&"= -0. 11 MeV while the sum rule for the chirality-violating structure (Eqs. (23) and (25) (17) and (20) and (21) of Ref. [26] , they coincide with the equations of this paper and lead to the same conclusions as presented here.
